In North America, 1978-80, clusters of spontaneous abortion or birth defect in women who had used visual display units (VDUs) in pregnancy received wide publicity. 2 The estimated number ofpregnant women who worked with VDUs was such that the reported clusters could have occurred by,chance.'5 Nevertheless, suspicion once aroused was not easily allayed.
Measurement of emissions from VDUs in use at that time showed that x ray, ultraviolet, visible, infrared, and radiofrequency radiations were considerably below current threshold limit values. 6 Two types of radiation-ionising and microwave-are known to be associated with biological effects.' The level of ionising radiation emitted by VDUs has rarely been found to be above background level' and VDUs do not emit microwaves.' Radiofrequency waves of high, low, and very low frequency of varying degrees of intensity are detectable near VDUs; they are also found close to other commonly used electrical equipAccepted 14 August 1987 ment such as television sets, electric typewriters, and some kitchen appliances.' These emissions are generally considered to be negligible but, because a possible biological effect of very low frequency waves had not been specifically investigated, attempts have been made in the past few years to do so.
Experimental studies with embryos of hens and small mammals have been recently reviewed.48 Exposure of eggs to electromagnetic fields was reported to have affected chick embryogenesis. 9 These experiments, repeated with some technical improvements, gave negative results.'" In a second study the results were also negative but in a third some increase in abnormalities was found." In an experiment in which pregnant mice were exposed to a pulsed magnetic field of sawtooth variety a small excess of external malformations was observed.'2 In none ofthese experiments was the type ofradiation the same as that found with VDUs. Whatever the experimental findings, however, it cannot be assumed that the human fetus would be affected in the same way as other species. Only epidemiological studies can determine whether the use of VDUs in pregnancy has an adverse effect in human reproduction. Those reported to date have not supported the hypothesis that there is such a risk. '3-'5 Montreal survey
In a study of occupational factors in pregnancy interviews were carried out for a two year period (11 May 1982 -10 May 1984 in 11 maternity units at which some 90% of Montreal births take place, with 51 885 women who had just delivered and 4127 who were treated for a spontaneous abortion during the same period. The women were questioned on occupational, personal, and social factors in their current and all previous pregnancies-104 649 in all. The methods used have been described and the frequency of four main adverse outcomes (spontaneous abortion, stillbirth, congenital defect, and low birth weight) reported for 60 occupational groups in six main occupational sectors.'6 Work conditions and chemical exposures have been reported for fetal death in previous pregnancies,'7 for congenital defects in current and previous pregnancies,'8 and work conditions for preterm births and low birth weight in current pregnancies. 9 The present report addresses the question of whether the use of VDUs affected any of these four adverse outcomes. Before the complete data set was ready for analysis in March 1986 the relation of the use of VDUs to spontaneous abortion and congenital defect was studied in those occupations in which at least 5% of women reported using a VDU for 15 Care was taken to exclude induced abortions, which are legal in Quebec. In the present report the term abortion refers to abortions of less than 28 weeks gestation believed to be spontaneous. Congenital defects were ascertained for current pregnancies by review of the medical record by a physician or a nurse other than the one who conducted the interview. For previous pregnancies information on defects was obtained from the mother but, for both current and previous pregnancies, it was supplemented in doubtful cases by further inquiries from physicians and hospitals.
Information on employment was gathered at the interview with the woman at the end of the current pregnancy. One of the questions on employment was whether the job required the regular use of a VDU and, if so, for how many hours a week. The nurse was asked to record this and other work requirements at the time of the first missed menstrual period.
The pregnancies used in this study were defined somewhat differently according to outcome. Pregnancies of women who were employed for 30 or more hours a week at the start of pregnancy were analysed for abortion and prematurity whereas for stillbirth, pregnancies of women employed 30 or more hours for at least two weeks at any time in pregnancy were Work with visual display units in pregnancy studied because this definition had been used in a previous analysis. As in only 5-6% of these pregnancies was the woman not employed at the start, for the sake of economy we kept the same definition. Because of the infrequency of particular types of congenital defect, women employed 15 to 30 hours a week at the start of pregnancy were included; this added 15% to the population. Current and previous pregnancies were analysed for all outcomes except prematurity for which current pregnancies only were used because duration of gestation was obtained from the medical record; for previous pregnancies recall of duration of gestation was not considered sufficiently accurate.
STATISTICAL ANALYSIS
The main statistical method used was to enter confounding variables-seven in the case of abortion and stillbirth (age, gravidity, previous miscarriage, ethnic group, educational level, smoking, and alcohol consumption)-into a logistic regression analysis and to calculate the probability of abortion and stillbirth from the regression coefficients.'6 Expected numbers (E) of these outcomes in specific groups were calculated from the probabilities and compared with the observed numbers (0) by a ratio (O/E). This There was no significant interaction between sector and the use of VDUs (p > 0 10-that is, the observed differences in trend between sectors could well be due to chance. nancies. The O/E ratios for all sectors combined in the three groups by hours of VDU use were for current pregnancies 1 04 (72 observed), 0-68 (five observed), and 0-95 (seven observed) and for previous pregnancies 1 03 (197 observed), 0-53 (five observed), and 0-89 (eight observed). Table 4 shows the O/E ratios for preterm births (< 37 weeks) and low birth weight (,<2500 g). In the large Work with visual display units in pregnancy 513 *Risk relative to that in all working women (O/E ratio). tRisk relative to working women not using VDUs (estimated from groups defined by occupation title).
PREMATURITY
TRisk relative to working women not using VDUs (odds ratios from two by two tables).
CONGENITAL DEFECT Table 5 shows the relative risk for using VDUs in current and previous pregnancies for nine types of congenital defect grouped according to possible aetiology: chromosomal, developmental (potentially teratogenic), and other. The confidence intervals suggest that the variations in risk could generally be explained by chance. In the renal urinary group, however, the relative risk in current pregnancies was 1 84 (p = 0 02 in a one sided, corrected chi-squared test). The relative risk was also raised for this group in previous pregnancies (1 64) but the numbers were small and the ratio did not approach significance.
Discussion
Scanty knowledge on the effects of employment on pregnant women prompted the large scale survey undertaken in Montreal. The disadvantage of our retrospective study design was the possibility of recall bias; on the other hand, it allowed detailed information to be collected on occupation and outcome in a large number of pregnancies. The main purpose of the survey was to examine occupational groups, chemical exposures, work requirements, and environmental conditions in relation to the four main adverse outcomes of pregnancy-spontaneous abortion, stillbirth, prematurity, and congenital defect. It was foreseen that the large body of data collected could also be used to test specific hypotheses. With respect to the hypothesis that work with VDUs has an adverse effect in pregnancy, our survey has strength in numbers but susceptibility to recall bias. The interviews were conducted at a time when there was widespread public concern on the question and there was thus the possibility that both interviewer and subject might be influenced by the outcome of pregnancy when describing and recording the use of VDUs. The intermittent nature of using VDUs lends itself to error as the duration of exposure might be reported as net or gross, the latter including intervals when not at the instrument. There was evidence of this type of discrepancy in a follow up study of a sample of these workers. 25 The six month difference between abortion and full term birth would also favour recall bias, as work at the beginning of pregnancy would be less well remembered by women at term than after miscarriage.
The findings for the use of VDUs and adverse outcome are summarised in table 6. Only for spontaneous abortion in current pregnancies was there any evidence that the risk ratio was raised. Two points lead us to suspect that this finding may be due to recall bias. Firstly, the grouped analysis suggested that occupations with high VDU use did not have high risks for abortion; the RR for VDU use estimated by this method was 106, although with a wide confidence interval (0 8-1-4). Secondly, much of the evidence was obtained from the clerical sector where, despite frequent work with VDUs (31%), the abortion risk was close to that for all working women (1 01, 90% CI 0 95-1 08). The particularly depressed O/E ratio in non-users in this sector and the increased ratio in users is compatible with overreporting of the use of VDUs after abortion and underreporting in term pregnancies.
The other finding of concern was the significantly raised risk of renal urinary defects. The excess in the users of VDUs was mainly attributable to hydronephrosis in current pregnancies (six cases observed, 2-59 expected) and to obstruction in the urinary tract or vesicoureteral reflux (six cases observed, 139 expected) in previous pregnancies. Although a causal relation cannot be dismissed, the nature of the abnormality and the absence of any obvious mechanism or prior evidence suggests that this may be a chance finding. 
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